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0 Polishing cloth. 

0 The present invention relates to a polishing clotii comprising an expanded thermoplastic resin product 
having a cellular structure, and an expansion ratio of 1.5-fold to 30-fold, with substantially uniform cells having an 
average cell diameter of 300 urn or less being distiibuted witiiin the cross-section of the expanded product, and 
with unexpended resin phase of 0.5 urn to 45 urn surrounded by three or more cells, wherein the proportion of 
the unexpanded phases are 0.01% to 70% in ternis of area ratio within the expanded product cross-section, 
which has excellent perfomiance of mirror surface polishing, for example, integrated circuit substi-ate, disc 
substrate for information recording, optical lens, optical mirror, etc. The present invention particularly relates to a 
polishing cloth for precise polishing to a surface roughness of 100 A or less. 
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POLISHING CLOTH 



BACKGROUND OF THE JNVENTION 



Reld Of the Invention 



The present invention relates to a polishing cloth for precise polishing. More particularly, the present 
10 invention relates to a. polishing cloth for precise polishing having excellent polishing characteristics for 
mirror surface finishing. The polishing cloth of the present invention is. to be used for the polishing of 
integrated circuit substrates, such as silicon monocrystalline wafer, compound semiconductor wafer, etc.; 
disc substrates for information recording such as aluminum disc, glass disc, etc.: solar battery 'substrates 
such as silicon polycrystal. silicon monoorystal, compound semiconductor, etc.; optical parts such as 
rs cathode-ray tube, optical lens, optical mirror, optica! prism, optical isolator, optical switch, etc.; mask blanks 
to be used in the manufacture of integrated circuit devices; substrates for liquid crystal display devices, 
magnetic heads and other precise parts. 

20 Related Prior Art 



In recent years, in addition to the reduction of circuit line width and the higher densification accom- 
panied with the higher integration of an integrated circuit, the enlargement of the aperture of a silicon wafer 

25 to be used has progressed to the point, whereby demands for finishing precision of precise working such as 
roughness of wafer surface and parallel degree, which become the problems during circuit formation, are 
becoming increasingly severe. 

A compound semiconductor as represented by GaAs, when compared with silicon monocrystal, is more 
likely to be damaged during the finishing work and accordingly it is difficult to enhance working precision 

30 such as surface roughness, parallel degree, etc. Thus, more delicate care and contrivance is required in the 
case of the compound semiconductor than in the case of the silicon monocrystal. 

Along with such severe demands for the worked product, an improvement of precision for machines 
and tools used for precise working have also been demanded. Particularly, an improvement of working 
precision of the atomic order is now demanded for polishing working in the final finishing step. In the prior 

35 art, as the polishing cloths to be used for such polishing working, there have been proposed polishing 
cloths prepared by the fonmation of grooves for supplying polishing liquid and discharging polishing dust 
onto flattened pitch or wax. Polishing cloths having polyurethane impregnated onto polyester base cloths; 
polishing cloths having polyurethane impregnated into polyester base cloths, followed by foaming; or 
polishing cloths having a polyurethane expanded layer laminated on polyester base cloths, etc., also form 

40 part of the product Of those mentioned, the polishing cloths having til© polyurethane expanded layer are 
becoming the ones which are mainly used. Also, polishing cloths wherein the cell shape of tiie polyuretfiane 
expanded layer being made a specific shape, have been developed. For example, Japanese Patent 
Publication No. 45918/1977 discloses a polishing cloth having vertically shaped voids witti a lateral cross- 
section which is in parallel to the polishing cloth surface, and is ellipsoidal wherein tine shape of tiie lateral 

45 cross-section being substantially unchanged in tiie thickness direction. 

A polishing clotii comprising a polyurethane expanded layer impregnated or laminated onto a polyester 
base clotii has such problems as (1) a variance in ttie degree of denseness conresponding to the texture of 
the base cloth, (2) insufficient smootiiness, nonuniformity of hardness and nonuniformity of friction due to 
the variance In cell size, pore distribution on the base cloth side of the expanded layer, (3) poor durability of 

50 polishing due to the material and also nonuniform distilbution of the cells in tiie expanded layer, (4) 
deterioration of the polishing cloth due to ttie etching action of a polishing liquid used for-tiie polishing of a 
compound semiconductor wafer, whereby tine surface roughness and smoothness of tiie polishing clotii are 
remarkably lowered and tiie surface precision of tiie worked product is deteriorated. On tiie oflier hand, 
when a polishing clotii having cylindrical voids, as disclosed in Japanese Patent Publication No. 45918/1977 
is used, polishing liquid, abrasive particles, and ttie like, will be caused to reside in tiie cylinder, whereby 
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the composition thereof, particularly of the polishing liquid, is changed with the lapse of time which gives 
rise to nonuniformity in the chemical action onto the surface to be polished when the polishing cloth is 
used. Also, with the lapse of time the abrasive particles which has been caused to reside therein become 
accumulated which causes changes in the physical properties of the polishing cloth such as elasticity, 
hardness, frictional coefficient, etc., which in turn further gives rise to nonuniformity, as well as changes in 
the mechanical polishing action, whereby with these problems, the polishing- performance could not be 
stabilized and that the quality of the arficle to be polished becomes worsened when being subjected to 
being polished. 



SUMMARY OF THE INVENTION 



The present inventors have intensively studied the above described problems in order to solve these 
problems, and consequently found that an expanded thermoplastic resin product having a cellular structure, 
and an expansion ratio of 1 .5-fold to 30-fold, with substantially uniform cells having an average diameter of 
300 um or less being distributed within the cross-section of the expanded product and with unexpended 
resin phases of 0.5 lim to 45 urn surrounded by 3 or more cells, wherein the proportion of the unexpanded 
phases is 0.01% to 70% in terms of area ratio within the expanded product cross-section, exhibits excellent 
polishing characteristics, to accomplish the present invention. A product so characterized, has not been 
found in the prior art. 

Thus, the present invention relates to a polishing cloth comprising an expanded thermoplastic resin 
product having a cellular structure, and an expansion ratio of 1.5-fold to 30-fold, with substantially uniform 
cells having an average cell diameter of 300 urn or less being distributed within the cross-section of the 
expanded product, and with unexpanded resin phases of 0.5 am to 45 mm surrounded by three or more 
cells, wherein the proportion of the unexpanded phases is 0.01% to 70% in terms of area ratio within the 
cross-section of the expanded product 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 and Fig. 2 are electron microscope photographs, each showing the cellular structure of the 
cross-section of the expanded product obtained in Examples 1 and 2, respectively, in which A represents 
cells and B represents unexpanded resin phase surrounded by ceils. 

DETAILED DESCRIPTION OF THE INVENTION 



The expanded thermoplastic resin product of the present Invention has an expansion ratio of 1 .5-fold to 
30-fold. An expanded thermoplastic resin product having an expansion ratio of less than 1.5-fold is hard, 
and therefore such a product is not sufficiently relaxed when being used in a scratch-removing action or a 
frictional action with the worked product. The primary requirement for a polishing cloth, is to be relaxed 
during the physical action between the abrasive particles and the worked product surface when using a 
polishing cloth having abrasive particles in order to have an averaging effect, whereby working damages 
such as fine cracks, crazings, scratches etc., or defects such as orange peel, etc., are generated. On the 
other hand, a highly expanded product with an expansion ratio exceeding 30-fold would in contrary be too 
soft, and the elastic deformation constant (amount of deformation under a constant load) of the polishing 
cloth would be too great, whereby the flatness at the working surface would be lowered which would cause 
remarkable lowering in the working speed due to the remarkable lowering in the scratch-removing action or 
the frictional action and also the mechanical strength would become lowered, which would reduce the 
durability. 

The expanded product of the present invention has an average cell diameter of 300 urn or less. If the 
average cell diameter is larger than 300 u.m. the surface smoothness of tie polishing cloth is worsened. 
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which would increase surface roughness, undulation, eta. of the worked product. Also, frictional. scratching 
action at the cell membrane cross-section would become too great, whereby a localization of abrasive 
particles would occur when using abrasive particles and defects such as scratch damages, orange peel, 
etc., are likely to occur on the worked surface. 

5 For well-balanced polishing finish precision of the worked surface, uniformity of quality, polishing speed, 
etc., an expanded product having an expansion ratio of 1.5-fold to 15-fbld and an average cell diameter of 1 
um to 90 iim is preferable. 

The cells in the expanded thennoplastic resin product of the present invention may generally be formed 
In the shape of a sphere, a, football, a cylinder or (a) polygonal body having these shapes, etc., and these 

70 shapes may be selected depending on the type of worked product to be polished, the type of the polishing 
liquid, the method and the conditions of polishing; etc. The cells in the expanded product of the present 
invention are uniform in size and shape. For example, a cell having no large macrovoids with a size larger 
by 3-fold than the average cell diameter dispersed in the expanded product is preferred. As to shapes, it is 
preferred that no cell or macrovoid would have a shape which is different from the above described shapes. 

IS such different shapes being, e.g., cylindrical or pear-like shapes which would be co-existing with cells 
comprising substantially spherical polygonal bodies.' In this- connection, as an exceptional case for a 
purpose other than polishing, such as adhesion of the polishing cloth to the fixed plate of a polishing 
machine, the cells at the surface layer portion of the back surface of «ie expanded sheet may be made 
larger than tiie cells at the front surface which is the polishing surface and the central pari: of the expanded 

20 product 

The expanded thermoplastic resin product of the present invention has a cellular structure, with 
substantially uniform cells being distributed witiiln the cross-section of tiie expanded product, and has an 
unexpended resin phase of 0.5 um to 45 dm sun-ounded by 3 or more cells, wherein the proportion of the 
unexpended phases is 0.01% to 70% in terms of area ratio within tiie expanded product cross-section. By 

25 "substantially uniform cells being distributed within the cross-section of tiie expanded product" it is meant 
that ttiere are no macrovoids exceeding the 5-fold of the average cell diameter. An example, would be a 
situation in which only ceils witii sizes of 3-fold to 1/3-fold of the average cell diamater would be existing 
within the cross-section of Uie expanded product. If voids exceeding 5-fold of the average diameter exist 
witiiin tiie cross-section of the expanded product, an Increase in surface roughness of the worked product 

30 may be caused, or abrasive particles or polishing dust may be localizedi to cause formation of scratching 
damages on tiie surface of tiie worked product The unexpended resin phase of 0.5 um to 45 iim 
surrounded by 3 or more cells is fornied at tiie bonded portion of the cells during the expansion process, 
and its sizes and distribution are determined depending on the size of the cells, the expansion ratio, the 
distribution density of the cell nuclei and the time difference in the commencement of expansion between 

35 cell nuclei, ete. If tiie size becomes larger. e.g., as exceeding 45 um, scratching damages may be fomned 
on the worked product, or tiie difference in elastic deformation constant at this portion may lower the plane 
precision of the worked product surface. The proportion of the unexpended resin phases are 0.01% to 70% 
in terms of area ratio witiiin the expended product cross-section. If it is more than 70%, the properties of 
elasticity, strain absortilng ability, polishing ability with the cell cross-section, etc. of an expanded 

40 thermoplastic resin product will be lowered, and thus would not accomplish the object of the present 
invention. On tiie other hand, if it is less than 0.01%, the shape of the cells during polishing may be 
deformed, or the cell membrane is likely to be broken, thus lowering the durability of the polishing cloth. An 
expanded thermoplastic resin product with unexpended resin phases, wherein the proportions thereof 
ranging from 0.01% to 10%, in temis of area ratio within the expanded product cross-section, is preferred, 

45 because tills would characterize the product with well-balanced polishing characteristics, such as small 
roughness, and small undulation of the worked product without defects such as scratching damage, orange 
peel, etc.. and also would characterize the product with high polishing speed. 

The expanded thermoplastic resin product of the present invention is an expanded product produced by 
homogeneously mixing a thermoplastic resin or a mixture of two or more thermoplastic resins selected 

50 from, including polyolefins such as polyethylene, polypropylene, polybutene, poly-4-methyl-1 -pentene, etc.; 
copolymers and ionomer resins comprising an olefin as the main component such as ethylene-vinyl acetate 
copolymer, ethylene-acrylic acid copolymer; thermoplastic fluoro-resins such as polyvinyl fluoride, poly- 
vinyiidene fluoride, ethylene/tetrafluoroethylene copolymer, propylene/tetrafluoroethylene copolymer, 
ethylene/chlorotrifluoroethylene copolymer, vinylidene fluoride/hexafluoropropylene copolymer, vinylidene 

55 fluoride/tetrafluoroethylene copolymer, vinylidene fluoride/trifluoroethyiene copolymer, vinylidene 
fluoride/tetrafiuoro-ethylene/hexafluoropropylens copolymer, polychloro tetrafloro-ethylene, 
tetrafluoroettiylene/hexafluoropropylene copolymer, tetrafluoroetiiyiene/perfluoroalkyl vinyl ether copolymer, 
tetrafluoroethylene/hexafluoropropylene/perfluoroalkyi vinyl etiier, etc. witti a chemical blowing agent a 
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physical blowing agent or an inert gas. followed by expansion. As the production process, tfiose described 
in, for example, C.J. Benning, "Plastic Foams" may be available. Also, the process for producing an 
expanded product or a porous product according to the gel-solution phase separation from a polymeric 
solution (e.g. J. Cellular Plastics. Vol. 23. p. 55) can be used. The expanded product of the present 
invention can use either an uncrosslinked expanded thermoplastic resin product or a crosslinked expanded 
thermoplastic resin product. Of the two, the crosslinked expanded product Is preferred because of having 
an excellent durability to deformation by heat generation during polishing, to deformation by frictional force, 
to deterioration with polishing liquid, etc. 

The degree of crosslinking may be preferably in the range of 0.3 to 0.9 in terms of tan 5 (dynamic shear 
loss modulus/dynamic shear storage modulus ratio, value measured at an angular frequency of 10 
radian/sec, a strain amount of 5%) at a temperature higher by 30 °C than the melting point of the resin (the 
melting peak temperatue by DSC), because the cells are uniform without voids, the coarseness of the 
surface, etc. and also uniformity of the expansion ratio are excellent. 

The expanded product of the present invention may preferably be obtained by the expansion of one or 
a mixture of two or more thermoplastic resin selected.from polyethylene, polypropylene, polybutene. poly-4- 
methyl-1-pentene, ethylene/tetrafluoroethylene copolymer, vinylidene fluoride/hexafluoropropylene 
copolymer, vinylidene fluoride/tetrafluoraethylene copolymer, vinylidene fluoride/trifluoroethylene copolymer, 
vinylidene fluoride/hexafluoro-propylene/tetrafluoroethylene copolymer, polyvinylidene fluoride, whereby the 
expansion ratio and the average cell diameter can be varied in wide ranges and an expanded product of 
stable quality can be obtained, and also the properties of durability and polishing liquid resistance of the 
polishing cloth are excellent. More preferably, the expanded themioplastic resin product of the present 
invention may be obtained by crosslinking the above themioplastic resin by a chemical crosslinking agent 
or by ionizable radiation such as irradiation with 7-ray, electron beam. etc. and expanding the crosslinked 
resin. The crosslinking may also be effected by introducing crosslinkable functional groups into the resin, 
and further crosslinking may be effected by adding a crosslinking aid such as divinylbenzene. trial- 
lylisocyanurate, triallylcyanurate. etc. the expansion method is not particularly limited, but because of 
absence of contamination onto the worked product when used as the polishing cloth, it is particularly 
preferable to use one of the following methods or combinations thereof. The method in which one or a 
mixture of two or more selected from physical blowing agents, which include halogenated hydrocarbons 
such as dichlorodifluoromethane, trichlorofluoromethane, dichloro-fluoromethane, trichlorotri fiuoroethane, 
dichiorotetrafluoro-ethane, tetrafluoroethane, dichlorotrifluoroethane, etc., hydrocarbons such as propane, 
butane, pentane, etc.. is kneaded at high temperature under pressurization and expanded by extrusion. The 
method in which the blowing agent is impregnated into the particles or the sheet of the thermoplastic resin 
and expanded by i'n-mold expansion or atmospheric expansion, or the method in which the thermoplastic 
resin shaped in a sheet is crosslinked by in-adiatlon of electron beam, etc. and impregnated with a blowing 
agent, followed by heating expansion. 

The polishing cloth of the present invention can be prepared by working the expanded thermoplastic 
resin product as described above by cut-off, slicing, skiving, grinding, cutfing. tearing, etc., into a desired 
shape such as a tape, a sheet, a buff, etc., and one having a skin- layer on its surface or one having the cell 
cross-section exposed thereon may be used. The shape and the surface state of the polishing cloth may be 
selected suitably depending on the type and shape of the worked product to be polished, the polishing 
purpose, the polishing method, etc. One having the cell cross-section exposed on its surface is preferred 
because of having excellent well-balanced properties such as frictional coefficient of the polishing cloth, 
dispersibility of polishing liquid and abrasive particles, scratching effect on the woriced product surface, etc. 
For example, in the case of polishing a wafer substrate for an integrated circuit substrate, a sheet with a 
thickness of 0.1 to 2 mm Is used, and one having the cell cross-section exposed on its surface with the 
undulation at the outermost surface of the cell cross-section of 50 (im or less per measured length of 2 mm 
is used. Since the smoothness of the surface of the polishing cloth affects surface roughness, undulation, 
etc., of the worked product, it is important to control the smoofliness precisely when effecting highly precise 
polishing, and the undulation at the outermost surface of the polishing cloth surface of 25 itm or less per 2 
mm is preferable. 

The polishing cloth of the present invention can be used as a sheet, as such, with its surface being flat. 
However, depending on the polishing method and the size of the worked product, a polishing cloth with 
grooves of 0.1 to 2 mm of width, and 0.1 to 2 mm of deptii formed regularly in a lattice, a diaper or a satin 
pattem at intervals of 1 to 50 mm may be employed. Such grooves are effective for supplying and di- 
scharging of polishing liquid, and grooves with rounded edges relative to the polishing clotii surface are 
preferable, because polishing with high precision can be accomplished wiUiout causing local scratching, 
friction, etc.. of the worked product. 
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The polishing cloth of the present invention can either be used atone or it can alternatively be formed 
into a composite with the application of an expanded product with a different expansion ratio or cell size on 
the back surface or the front surface thereof depending on the purpose. Also, a reinforcing matenal, 
cushioning layer or rigidity imparting layer comprising another material may also be bonded to the polishing 
cloth. In either case of such single or combined use. the surface hardness of the polishing cloth is generally 
90 to 30 (JIS Method A). ^ 

The polishing cloth of the present invention may be used for polishing working of various worked 
products but it is particularly suitable for rmmr surface polishing working. Although various methods may 
be employed depending on the properties of the worked product, mechanochemical polishing or chemical 
polishing is prefen-ed in that the characteristics of the expanded thennoplastic resin product of the present 
invention can be fully exhibited. These polishing methods are described in. for example. Akira Kobayashi, 
Ed "Ultra-precise Working Technique Practical Manual" (published by New Technology Development 
Center 1985). p.58 - 81. As the polishing liquid, there may be employed, for example, an aqueous medium, 
an aqueous alkaline solution, an aqueous oxidiaing agent sofutfon. etc., each having polishing abrasK/e 
particles dispersed therein. Acidic aqueous solution, alkaline aqueous solution, organic solvent such as Br- 
methanoi etc.. are capable of dissolving the worked product Particularly, because of having excellent 
chemical resistance and durability to the inorganic or organic alkali, acid or oxidizing agent solution and " 
having the capability of converting the worked product to a compound which will readily dissolve or^be 
eliminated by dissolution or reaction, these polishing liquids are excellent for the ultra-precise polishing 
method of silicon wafer, compound semiconductor wafer. GGQ (gadolinium, gallium, garnet) substrate. Mn- 
Zn ferrite. etc. By the use of these polishing liquids, polishing to surface roughness of 1Q0 A or less, even 
to 10 A or less Is possible. 

[Examples] 

The present invention is described in more detail by refening to the following Examples, and various 
characteristics In the present Invention are determined according to the methods as described below. 

I 

(1) Expansion ratio: 

; The density of the expanded thermoplastic resin product Is measured and the expansion ratio is 
calculated from the following formula: 



Resin density 

Expansion ratio = Expanded product density 



(2) Cell size and uniformity of cells: 

The cell as defined in the present invention consists of the cell (gaseous portion) in the expanded 
product and the cell membrane (resin membrane) surrounding it. The cell diameter is determined by 
drawing a straight line of any constant length (across 10 or more cells) on an enlarged photograph of the 
cross-section of the expanded product by an electron microscope (SEM) or an optical microscope, counting 
the number of the cells thereacross and calculating the length per cell. The cell diameters are detemimed 
at 3 places or more in the respective directions of the thickness, the length and the width of the expanded 
product and the average value of all of these is determined as the average cell size. Also, a transverse 
cross-sectional view vertical to the surface of the polishing cloth is enlarged according to the same method 
as above, photographed so that the expanded product layer, namely the whole of the layers partlcipatng 
substantially in polishing may come within the field of view, and the presence or absence of macrovoids 
greater by 3-fold or more than the average cell diameter, as well as the presence or absence of cells or 
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macrovoids apparently different in shape from tie main cells of the expanded product such as cylindrcal or 
pear-like shapes are observed with the eyes. The product in which no such macrovoid, abnormally shaped 
cell is substantially detected in the mass of cells which constitute the expanded product is evaluated as one 
having substantially uniform cells distributed therein. 



(3) Size and ratio of unexpanded resin phases: 

In the photographs of 10 places randomly selected of the cross-section of the expanded product with 
enlargement by an electron microscope or an optical microscope, the maximum dimension of the 
unexpanded resin phases sunrounded by 3 or more cells is measured and defined by their size. The areas 
of the resin phase portions are determined, the sum thereof is calculated and the percentage relative to the 
total area (namely, the photographic field of area) is defined as the ratio of the resin phases. 



(4) Smoothness of the surface of the expanded product 



The surface of the polishing cloth cut in the perpendicular direction to the polishing surface Is enlarged 
to 50-fold or more, straight lines of 2 mm in length as the real dimension are contacted along the polishing 
surfaces of any desired 5 places, the maximum distances between the straight line and the outermost 
surface of the polishing surface (the hypothetical surface connecting the cell membrane cut points of the 
cell cross-section) are measured, and ttie average value is defined as the undulation. 



(5) Chemical resistance: 



A sample is dipped in 2% Br-methanol solution heated to 75 °C for 90 hours at the maximum and 
thereafter tensile test is conducted. Elongation at break of the sample is measured, and the sample with 
retentivity of 90% or more relative to the- original elongation is evaluated as usable and the sample with 
retentivity less than 90% as unusable. Decoloration, dimensional change, breaking of cell membrane, etc. of 
the sample are also observed, and those with remarkable decoloration, dimensional change of 5% or more 
and occurrence of breaking of ceil membrane are evaluated as unusable. 



(6) Polishing characteristic: 



A GaAs monocrystaliine wafer subjected to lapping by the use of alumina abrasive particles with an 
average particle size of 5 iim as the pre-working is polished by means of a polishing device as described in 
J. Electrochem. Soc, Vol. 118, No. 8, P. 1346 (called Device 1) and a polishing device disctosed in 
Japanese l^id-open Patent Publication No. 61764/1986 (called Device 2). The polishing conditions in the 
case of Device 1 are polishing cloth size of 300 mm in diameter, polishing cloth plate rotational number of 
120 r.p.m., polishing pressure of 80 g/cm^, polishing liquid of 2% Br-methanol solution, polishing liquid 
feeding rate of 10 cc/min., and after polishing for 60 minutes, the surface roughness, undulation, etc. of the 
worked product are measured by the feeler type surface roughness measuring instrument produced by 
Rank-Tellor-Hobson Co., and also the polishing speed (um/hr) determined from the thickness change of the 
worked product. On the other hand, in the case of the Device 2, 0.25% Br-methanol solution (mixed 
solvents of 80% methanol and 20% ethylene glycol) is used as the polishing liquid, and with the QaAs 
monocrystal being fixed on a polishing implement capable of controlling contact between the surface of the 
worked product and *e surface of the polishing cloth, polishing Is effected white, controlling the contact 
state every 30 seconds, and the surface roughness of the worked product is measured. Also, the 
appearance of the surface of the worked product is evaluated according to the method described in the 
SEMI standard, and the presence or absence of defects such as orange peel, etc., are evaluated. 
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Example 1 



A vinylidene fluoride/hexafluoropropylene copolymer (trade name: Kainer 2800. produced by Penwait 

5 Co.) is fed into an extruder to be molded into a sheet with a thickness of 1.1 mm, which is- then crosslinked 
by irradiation with an electron beam corresponding to an absorption dosage of 20 Mrad by means of an 
electron beam Irradiating device with an acceleration voltage of 500 kV (produced, by NIsshin Highvolage 
Co.). The crosslinked sheet is placed in an autoclave, and the autoclave is pressurized by dich- 
lorodifluoromethane and impregnation effected at 75 -C for 100 hours, to give an expandable sheet 

10 containing 0.65 mol of dichlorodifluoromethane per one lifer of the resin. The expand^le sheet is heated 
with steam of 3.0 kg/cm^ gauge pressure for 30 seconds to obtain an expanded sheet with a thicknes of 
about 3 mm. The expanded product was found to be an extremely flexible expanded product with an 
expansion ratio of 15-fold, having substantially uniform cells, with an average cell size of 12 im and 0.01% 
of the unexpended resin phases with sizes of 0.5 H.m or more, 

15 The expanded sheet is sliced at both surface? by a sllcer (AV-320-D model, produced by Fortuner Co- 
West Germany) into sheets with a thickness of 1 mm and a surface smoothness of 20 urn. The slice sheet 
with the cell cross-section exposed is punched out into a disc of 300 mm in diameter to provide a polishing 
cloth. The polishing cloth is plastered on tiie fixed plate of the polishing device (Device 1), and the polishing 
performance and the chemical resistance of the cloth are evaluated. 

20 The polishing cloth comprising the expanded sheet is found to have excellent chemical resistance, and 
is excellent in polishing performance. The polishing cloth is also capable of ultra-precise polishing a QaAs 
wafer to Rmax 15 A and the maximum undulation of 95 A. The polishing speed at this time was 32 u.m/hr. 



25 Examples 2 and 3 



The expandable sheet obtained in Example 1 is expanded according to the same method as in 
Example 1 except for using the expansion conditions of a steam pressure of 2.3 kg/cm^ and a heating time 
30 of 15 sec. and 10 sec respecfively, to obtain the expanded sheets. The expanded products has 
substantially uniform cells, and properties as shown in Table 1. The expanded products obtained are sliced 
in the same manner as in Example 1 and the polishing performances are evaluated to obtain the results 
shown in Table 1. 

The surfaces of the worked products are extremely excellent with a surface roughness (Rmax) of 20 A 
35 or less, with the maximum undulation being also 100 A or less, without defects such as scratch, orange 
peel. etc. 

Comparative example 1 . 

40 

The expandable sheet obteJned in Example 1 Is heated under a steam pressure of 2.1 kg/cm^ gauge for 
10 seconds to obtain an expanded sheet The expanded sheet has an expansion ratio of 1.3-foid, an 
average cell diameter of 3 um, and unexpi^ned resin phase with a size of 45 um and an area ratio of 80%. 
45 From the result of the polishing test according to the same method as in Example 1, conducted on the 
expanded sheet, a large number of scratches are fonned on the surface of the worked product and the 
surface njughness is also inferior, as shown in Table 1 . 



50 Comparative example 2 



The expandable sheet obtained in Bcample 1 is heated under a steam pressure of 4.5 kgfcm^ gauge for 
20 seconds to obtain an expanded sheet The results of evaluation of tine expanded sheet as the polishing 
55 cloth are shown in Table 1. The surface roughness of the worked product is about 20 A. but the undulation 
became greater with the working precision being inferior.. Also, the expanded sheet was susceptible to 
compression defomnation by polishing pressure and friction, whereby polishing under constant conditions 
cannot be maintained which illustrates tine expanded sheet to be inferior in durability. 
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Comparative example 3 



According to the same method as in Example 1 except for impregnating the crossiinked sheet with 
5 dichlorotetrafluoroethane. an e>q3andable sheet is obtained. The expandable sheet obtained is heated with 
steam of 3.0 kg/cmz gauge to obtain an expanded sheet The properties of the expanded sheet obtained are 
as shown in Table 1. Next, it was worked into a polishing doth according to the same method as described 
in Example 1, and its polishing performance is evaluated. The results shown in Table 1. are that scratched 
damages are generated on the surface of the worked product to give a product of inferior quality. 

10 

Example 4 



IS The crossiinked sheet obtained in Example 1 is impregnated with a mixed blowing agent of 
dichlorodifiuoromethane/dichlorotetrafluoroethane at a molar ratio of 70/30 to obtain an expandable sheet. 
The expandable sheet obtained was heated with steam of 3.0 kg/cm2 for 30 seconds to obtain an expanded 
sheet. The expanded sheet obtained has an expansion ratio of 8-fold, an average cell diameter of 40 urn 
and an unexpanded resin phase of 0.08%. A polisjiing cloth with surface smoothness of 25 urn is obtained 

20 by slicing accorciing to the same method as in Example 1 and its polishing performance is evaluated. From 
the result, excellent polishing characteristics are exhibited with a surface roughness of 18 A, and a 
maximum undulation of 90 A. without surface defect. 



25 Comparative example 4 



The expandable sheet obtained in Example 4 is heated with steam of 2.3 kg/cm^ gauge for 10 seconds 
to obtain an expanded sheet. The expanded sheet obtained has an expansion ratio of 1.5-fold, an average 
30 cell diameter of 36 ixm and unexpanded resin phase witfi a size of 45 urn and a raflo of 72%. From the 
result of evaluation of the expanded sheet as the polishing cloth, a large number of scratches are generated 
on the surface of the worked product, with the surface roughness also being inferior. 



35 Comparative example 5 



The expandable sheet obtained in Example 4 is heated with steam of 2.6 kg/cm^ gauge for 5 seconds 
to obtain an expanded sheet. The expanded sheet obtained has an expansion ratio of 1 .6-foid, an average 
40 ceil diameter of 36 um, and unexpanded resin phase with a size of 150 y.m and a ratio of 50%. From the 
result of evaluation of the expanded sheet as the polishing cloth, the surface roughness and the undulation 
of the worked product are great, and the quality is inferior with scratches occurring elsewhere. 



45 Examples 5 and 6 



By use of a poiyvinylidene fluoride (Kainer 730. produced by Penwalt Co.) and an ethylene- 
tetrafluoroethylene copolymer (Acron COP C QSAPM, produced by Asahi Glass Co.) as the thermoplastic 

50 resins, each resin is extrusion molded into a sheet with a thickness of 1.1 mm. The sheets are then 
crossiinked by irradiation with an electron beam of 30 Mrad, 40 Mrad, respectively, by means of an electron 
beam Irradiating device to obtain crossiinked sheets. The crossiinked sheets obtained are impregnated with 
dichlorotetrafluoroethane and isopentane, respectively, at 75 °C to obtain expandable sheets. The expand- 
able sheets are subsequently heated with heated oil at 220 °C for 50 sec. and at 290 °C for 40 sec. 

55 respectively, to obtain expanded sheets. The expanded sheets obtained have the properties shown in Table 
1. From the result of the evaluation of the respective polishing performances according to the same method 
as in Example 1 , both are found to exhibit excellent polishing characteristics. 
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Example 7 



A sheet with a thickness of 1 mm extrusion molded by feeding a polypropylene resin (PP-M 7500, 
produced by Asahi Kasei Kokyo K.K.) into an extrusion molding device is placed in art autoclave, and the 
autoclave is pressurized by dichiorodiffuoromethane to impregnate the sheet at 80 "C for 1 hour, whereby 
an expandable sheet is obtained. The expandable sheet is heated with steam of 4.0 Kg/cm^Q for 15 
seconds to obtain an expanded wheet with an expansion ratio of 8-fold and a thickness of 2 mm. The 
expanded product is sliced at both surfaces to 1 mm thickness by a sllcer (AV-320-D, produced by Fortuner 
Co., West Germany). The average cell diamater at the sliced surface of said expanded sheet is 35 lim, and 
with the unexpended resin phase being 0.5%. Said slice sheet was punched out Into a circular shape of 300 
mm ^ in diameter to provide a polishing cloth, of which the polishing characteristics are examined by use of 
Device 2. From the results shown in Table 2. said expanded sheet is found to have high polishing capability 
without an impairment to the quality of the polished surface of the GaAs wafer. 



Example 8 



20 After a 4-methyl-1-pentene resin (DX-845, produced by Mitsui Sekiyu Kagaku Kogyo K.IC) is dissolved 
in durene at 180 °C to prepare a 5% by weight of a polymer solution, the solution is gradually cooled to 
140 "G to precipitate an expanded product. Next, durene which istiie solvent. Is removed at 50 "C under 
reduced pressure to obtain the desired expanded product The expanded product has an average cell 
diameter of 10 urn. an unexpended resin phase of 0.1% and an expansion ratio of 15-fold. When the 

25 polishing cloth perfomiance is examined according to flie same method as in Example 7. tiie results shown 
in Table 2, illustrate the polishing cloth as having high' polishing performance. 



Example 9 

30 

A polyethylene crossllnked expanded sheet obtained by kneading uniformly 9 parts by weight of 
azobisformamide with a low density polyetiiylene (IWI 1.7), extnjsion molding the mixture into a sheet, 
crosslinkfng tiie sheet by electron beam in^diation to a gel content of 70%, followed by expansion by 
35 heating at 200 "0, Is sliced according to ttie method as in Example 7 to prepare a polishing cloth. 
The results of the polishing characteristics of tiie polishing cloth obtained are shown in Table 2. 



Example 10 

40 

100 Parts by weight of an ionomer resin (HImilan R 1601) together with 0.5 part by weight of talc are 
fed into an extrusion expanding device, followed by pressurization by 32 parts by weight of dich- 
lorodrfluorometiiane to be mixed uniformly under high temperature and high pressure, and then the mixture 
45 is cooled to 1 1.9 "C and permitted to be extruded and expanded through a nozzle equipped with a circular 
die into tiie air to obtain an expanded sheet 

The expanded product obtained is a continuous cellular product having an expansion ratio of 28-fold, an 
average cell diamater of 90 urn and fine pores of 1 to 10 tim in flie cell membrane. 

The expanded sheet is sliced according to ttie same method as In Example 1 for examination of tiie 
50 polishing characteristics. The results are shown in Table 2. 



55 
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Example 1 1 

In Example 7. the expandable sheet impregnated with dichlorodifluoromethane is heated with steam of 
3.8 Kg/cm^G for 15 seconds to obtain an expanded sheet with an expansion ratio of 4-fold and an average 
cell diameter of 33 iim. 

The expanded sheet is sliced according to the same method as in Example 7 and its polishing 
characteristics are examined to obtain the results as shown in Table 2. 



Example 12 



A ultra-high molecular weight polyethylene (molecular weight: about 3,000,000) is dissolved in tetralin at 
150 °C to produce a solution of 9% by weight. Next, the solution is cooled at a rate of 10 °C/min. to 
precipitate and gel the polymer, followed by removal of the tetralin under reduced pressure to obtain an 
expanded product. The expanded product is found to have an average cell diameter of 1 nm and an 
expansion ratio of about 8-fold. The expanded product obtained is sliced in the same manner as in Example 
8, and the polishing characteristics are evaluated. The results are shown in Table 2. 



Example 13 



By use of a polyethylene crosslinl<ed expanded sheet with an expansion ratio of 8-fold and an average 
cell diamater of 90 urn obtained according to the same method as in Example 9 except for using 4 parts by 
weight of the chemical blowing agent, a polishing cloth is prepared according to the same method as in 
Example 7. and the polishing characteristics of the polishing cloth are evaluated. The results are shown in 
Table 2. 



Comparative example 6 



A board of an extrusion expanded polyethylene with an expansion ratio of S-foid and an average cell 
diamater of 400 urn (Suntecfoam. produced by Asahi Kasei Kogyo K.K.) is sliced and evaluated as the 
polishing cloth according to ttie same method as in Example 7. Although the chemical resistance is good, 
the polishing performance is poor with great surface roughness and undulation of the wafer. 



Comparafive example 7 



A commercially available crosslinl<ed expanded sheet with an expansion ratio of 33-fold and an average 
cell diameter of 90 urn (Minicell L-200, produced by Hercules Co.) is sliced and evaluated according to the 
same method as in Example 7. Surface roughness, undulation are great, and also the ceil structure is found 
to be greatly deformed after polishing. 



Comparative example 8 



By use of a commercially available polishing cloth made of polyurethane, polishing characteristics are 
evaluated. The polishing cloth has a structure having polyurethane expanded layers laminated on a 
polyester base cloth, with the polyurethane expanded layer having voids shaped in an eggplant sh^e with 
sizes of 100 to 200 M-m in the thickness direction and the porBon of 10 to 30 urn of the surface layer being 
a fine ceil structure with cell diameter of about 30 urn. and the ceil stmcture in the thickness direction is 
non-uniform, with the surface being greater in unevenness which may be considered to be due te the 
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influence by the base cloth. The polishing cloth being so characterized is inferior in smoothness and is also 
inferior in chemical resistance. This is illustrated from the results of the evaluation of the polishing 
performance according to the same method as in Example 7. which show the polishing characteristics to be 
remarkably inferior in surface roughness, and the polishing characteristics to be so inferior to the extent that 
the poor quality of the wafer surface could be discernible by observation with the eyes. 
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Claims 

5 

1. A polishing cloth comprising an expanded thermoplastic resin product having a cellular structure, and 
an expansion ratio of 1.5-fold to 30-fold, with substantially unifonn cells having an average cell diameter of 
300 urn or less being distributed within the cross-section of tiie expanded product, and with unexpanded 
resin phases of 0.5 wm to 45 iim sun-ounded by three or more cells, wherein the proportion of the 

10 unexpanded phases is 0.01% to 70% , preferably 0.01 % to 10 %, in terms of area ratio within the cross- 
section of the expanded product. 

2. The polishing cloth according to Claim 1. wherein the expansion ratio is 1.5-fold to 15-fold, and the 
average ceil size is in the range of 1 nm to 90 um. 

3. The polishing cloth according to Claim 1 or 2. wherein the cross-sections of the cells are exposed on 
fs at least one surface of the expanded thermoplastic resin product 

4. The polishing cloth according to any of the Claims 1 to 3, wherein the cross-sections of the cells are 
exposed on at least one surface of the expanded tfiermoplastic resin product and the undulations of ttie 
outermost surface of the exposed surface are 50 um or less. 

5. The polishing cloth according to any of the Claims 1 to 4, wherein at least one surface of the 
20 expanded thermoplastic resin product has grooves of a width of 0.1 to 2 mm, a depth of 0.1 to 2 mm 

formed regularly at intervals of 1 to 50 mm in a shape of lattice, diaper or satin thereon. 

6. The polishing cloth according to any of the Claims 1 to 5, in which the cells are substantially uniform 
in size and shape, and wherein there are no abnormally shaped cells or voids comprised within the cross- 
sections of the expanded thermoplastic resin product. 

25 7. The polishing cloth according to Claim 6. wherein the abnormally shaped ceils are cylinder or pear 
shaped and the voids are macrovoids which are greater by 3-fold or more than the average cell size. 

8 . The polishing cloth according to any of the Claims 1 to 7. wherein the expanded thermoplastic resin 
product comprises a polyolefin or a fluoro-resin as the main component. 

9 . A polishing cloth according to Claim 8, wherein the expanded thermoplastic resin product has a 
30 crossllnked structure. 

10. The polishing method, which comprises min-or polishing a material to be worked by moving the 
polishing cloth according to any one of Claims 1 to 9 relative to the material to be worked while supplying a 

polishing liquid onto the surface of the polishing cloth. 

11. The polishing method according to Claim 10. wherein the polishing liquid is an inorganic or organic 
35 liquid having the capability of converting the material to be worked to a compound which will readily 

dissolve or be liberated through dissolution or reaction. 

12. The polishing method according to Claims 10 or 11, wherein the surface of the material to be 
worked is mirror polished to a surface roughness of 100 A or less. 

13. A process for producing a polishing cloth according to any of the claims 1 to 9, comprising the 
40 steps of homogenously mixing a thermoplastic resin or a mixture of two or more thenmoplastic resins with a 

blowing agent, expanding the composition and shaping the expanded product to the desired shape. 

14. The process of claim 13. comprising the additional step of cross-linking the thennoplastic resin 
product. 
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